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ABSTRACT
Two empirical fits to stellar mass loss rates have been examined and found lacking in physical content.

Subject heading: stars: mass loss

The data on stellar rates of mass loss, derived from spectral
analysis, have been fitted to empirical or semi-empirical
expressions by a large number of authors (cf. Vardya 1984).
The purpose of this note is to examine a few of these empirical
expressions and their implications.

A large number of empirical and semi-empirical expressions
for the rates of mass loss M have been expressed in terms of
mass M, radius R, and luminosity L of the star in the form

M = AM"R’I* .

Here A is the scaling factor or proportionality constant, which
along with the exponents #, v, and u are determined by least-
squares. A comparison of some of these expressions by the
author (Vardya 1984) showed that the exponents of M and R
are equal but opposite in sign, i.e., # = —v, in all the expres-
sions except the one given by Lamers (1981). In Lamers’ rela-
tion, # and v have opposite signs but their absolute values are
not equal. Recently, Garmany and Conti (1984) have fitted
rates of mass loss as a function of M, R, and L in whichn = —v
is not satisfied; in fact, in their relation, # and v have the same
sign, and || # | v|. In fact, Garmany and Conti’s (1984) rela-
tion is the only one in which M is directly proportional to M,
rather than inversely as in all other cases. What are the physi-
cal implications of such expressions?

Except when # = —v =%, u =4, 4 will not be dimension-
less. Therefore, in general, 4 will be composed of, besides the
scaling factor and factors of 7, universal constants. With mass
loss depending on M, R, and L, the appropriate universal con-
stants are G, the gravitational constant, and c, the velocity of
light. Besides these two, no other universal constants are rele-
vant to the situation. Table 1 gives the values of #, v, and u and

TABLE 1
DIMENSION OF A

DIMENSION OF A

EXPRESSION n v u m ! t
Lamers .............c..... —-099 061 142 +0.57 —-345 326
Garmany and Conti ..... +06 08 1.0 —0.6 —-2.38 2

the dimensions of A for expressions given by Lamers (1981)
and by Garmany and Conti (1984).
If the dimension of A is composed of G and ¢, we can write

A=AG,

where A’ is a dimensionless constant and « and f§ are exponents
of G and c respectively, such that 4 has the correct dimension.
However, we find that there are no values of @ and # which will
yield the correct dimension of A for either Lamers’ (1981) or
Garmany and Conti’s (1984) expression for mass loss. This
implies that the least-squares fits of the type attempted by
Lamers (1981) and by Garmany and Conti (1984) are merely
four-parameter fits with no physical meaning. This, then, is
rather unfortunate, especially when they are trying to imply by
such fits that the rate of mass loss is a global property of the
star and therefore depends on M, R, and L. Hence, such least-
squares fits, with no physical meaning, are four-parameter (4,
n, v, and ) fits, and nothing more.

Lamers (1981) and, following him, Garmany and Conti
(1984), assuming that the mass loss is a surface phenomenon,
have fitted mass flux, F,, = M/4nR?, to power-law expressions
of the kind

F, = BT} ggff >

where the three parameters B, 7, and J are determined from
the least-squares. Here T, = (L/4noR?)'*, g = (GM/R?)
(1 = TN, T = L/Lgggingion> and o is the Stefan-Boltzmann con-
stant. (Note the misprint in defining g. by Garmany and
Conti: m should read GM.) As F,, also depends on L, M, and
R, though with some restriction on the exponents, it is basi-
cally a similar fit to the above four-parameter fit, except that
the choice is restricted to three parameters. It has no physical
implication that the mass loss is a surface phenomenon, as the
former (four-parameter) does not imply global property. And if
the various variables are known accurately enough, one can
reduce the four-parameter expression to the three-parameter
one, though not vice versa, as the former has more information
content than the latter.
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den Heuvel for useful discussions.

REFERENCES

Garmany, C. D., and Conti, P. S. 1984, Ap. J., 284, 705.
Lamers, H.J. G. L. M. 1981, Ap. J., 245, 593.

Vardya, M. S. 1984, Ap. Space Sci., 107, 141.

M. S. VARDYA : Tata Institute of Fundamental Research, Homi Bhabha Road, Bombay 400 005, India

812

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1987ApJ...312..812V

